. Distribution of intron length in G. candidum. The number of introns is plotted against their length in nucleotides. The inset is an expansion of the higher end of the intron length distribution, demonstrating a continuation of the distribution by a small number of unusually long introns. 
GO categories, overall
Supplementary Figure S7a . Overall distribution of predicted functions in the genome of G. candidum in Gene ontology categories. 
Molecular Function
Supplementary Figure S7b . Distribution of predicted molecular functions in the genome of G. candidum in Gene ontology categories. 
Biological Process
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Supplementary Figure S9 . Species tree reconstruction from the G. candidum phylome. The tree species was reconstructed using the RAxML program as described in Materials and Methods. Proteins with a one-to-one orthology relationship to all the considered species were selected from the G. candidum phylome. A total of 302 protein alignments were concatenated into a multiple sequence alignment. The final alignment contained 170,787 amino acids. The bar indicates the scale of branch length. 
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No hit SAD1 GECA05s02463g
Non-snRNP proteins
Assembly
GECA20s01264g GECA16s02188g
Debranching enzyme DBR1 GECA04s02529g
Unknown
* genes which can also be found in other Saccharomycotina **genes with Pezizomycotina orthologs only ***genes with Pezizomycotina and Y. lipolytica orthologs Supplementary Chitin synthase chs-1, chs-2, chs-3, chs-4, chs-5, chs-6, chs-7
Cytoskeleton genes Beta-tubulin bml NCU04054 GECA32s02265g GECA04s07127g
YALI0E00726g YALI0E26961g
Fimbrin, an actin-binding protein fim NCU003992 GECA02s02650g YALI0B17622g
Tropomyosin, an actin-binding protein tpm-1 NCU001204 GECA18s02606g GECA01s02771g
YALI0F27049g
Subunit of the Arp2/3 complex arp-3 NCU001756 GECA12s01121g YALI0E34170g
Nuclei NDR protein kinase dbf-2 NCU09071 GECA05s06973g YALI0B14201g
Histone hh-1 NCU06863 GECA04s00890g YALI0B16280g
Heterochromatin protein HP1 Hpo NCU04018 
Polarity MAP kinase activator bem-1 NCU06593 GECA04s04883g GECA21s00131g
YALI0F27643g
Involved in actin organization bni-1 NCU01431 GECA12s01407g GECA04s04894g
YALI0D10879g
Putative involved in septum formation cla-4 NCU00406 GECA11s02155g GECA04s06214g
YALI0C22770g YALI0F00572g NDR kinase, essential for polar cell extension cot-1 NCU07296 GECA02s00043g GECA10s01297g
YALI0B04268g RHO-1-specific GAP. Involved in coordinating apical tip growth lrg-1 NCU02689 GECA06s02760g GECA03s04938g
YALI0F13211g MAP-kinase2, required for cell fusion mak-2 NCU02393 GECA01s10548g YALI0E23496g
NDR kinase pod-6 NCU02537 GECA13s03233g YALI0E34001g
Subunit of the polarisome complex spa-2 NCU03115 GECA09s03684g GECA05s03904g
YALI0F16665g
Septation
Involved in septum formation bud-3 NCU06579 GECA18s01121g GECA23s00054g
YALI0C16346g
Involved in septum formation and putative landmark protein bud-4
NCU00152 GECA03s02749g GECA13s02529g
YALI0D11880g
Putatively involved in septum formation cdc-12
NCU03795 GECA22s01297g GECA03s00736g
YALI0D27148g YALI0F26873g
Involved in septum formation and putative landmark protein rgf-3
NCU02131 GECA15s00659g YALI0E12155g
Rho GTPase rho-4 NCU03407 GECA03s01451g YALI0E23001g YALI0D01045g
Contributes to septal plugging so NCU02794 GECA07s04663g YALI0E10549g
Hyphal fusion
Pheromone-regulated membrane protein 1-like, involved in cell fusion events prm-1 NCU09337 GECA09s00516g YALI0E08580g
Supplementary A solo LTR of 382 bp was also found in 66 copies in 12 of the scaffolds. The detectable copies of this repeated element were all at the ends of the scaffolds, except for internal clusters found in scaffold 3 and in scaffold 6 (11 and 8 copies, respectively). In these two scaffolds, the solo LTRs are located in regions covering over 20 kb and containing large gaps, suggesting that these regions also contain entire transposons. The presence of these clusters in the ends of 10 scaffolds very likely prevented the assembly into larger scaffolds. The presence of a number of transposable element hot-spots is reminiscent of the situation described in two yeasts, These regions were proposed to contain the centromeres 4 , as already seen in N. crassa 5, 6 . A similar observation was recently made for the yeast Hansenula (Ogataea parapolymorpha) polymorpha 7 . Although pulsed-field gel electrophoresis failed to separate the chromosomes of G. candidum to estimate the chromosome number, a cytological analysis by 8 found eight chromosomes in this species. The number of LTR clusters that we identified (two internally and 10 at the ends of other scaffolds) fits the presence of eight chromosomes in this strain.
Scheffersomyces stipitis

Various features of the G. candidum genome
Sequence homology using fungal sequences in the Rfam database (http://rfam.sanger.ac.uk/) detected TPP riboswitch candidates in the 5' sequence of the THI4 and the DUR3 homologs.
An intein of 1,237 bp was detected in GECA09s00186g encoding a subunit of the translation factor eIF2. It is a full-length intein presenting around 40% sequence similarity with VMA1-derived endonucleases from Saccharomicotina over 485 aa. In addition to the intein in the vacuolar ATPase gene VMA, inteins have previously been found in the glutamate synthase gene (GLT1) and in the threonyl-tRNA synthetase gene (ThrRS) in various Saccharomycotina species 9 . Various inteins have been found in filamentous fungi 9 . This is the first to be found in a fungal gene encoding a translation factor.
The mitochondrial DNA sequence is 28,008 bp long and has a GC content of 28%, placing it midway between those of S. cerevisiae (20%) and D. hansenii (38%) ( Supplementary Figure 1) . It carries 14 protein-coding genes:
COB, COXI, COXII, COXIII, ATP6, ATP8, ATP9, VAR1, plus six ubiquinone oxidoreductase complex I protein genes NADH1, NADH2, NDH3, NADH4, NADH5 and NADH6. A total of 23 tRNA genes and SSU and LSU rRNA genes were found ( Supplementary Fig. 1) . The ATP9 gene, the downstream tRNA-Phe gene and a tRNA-Arg gene are oriented counterclockwise. Interestingly, there is only one intron, (carrying an endonuclease, in the COB gene), in the mtDNA, rendering G. candidum the Saccharomycotina species with the lowest number of introns.
Candida phangngensis carries two introns splitting the COB gene 10 .
Sliceosomal introns and spliceosome
A total of 14 introns departed from the consensus GT in 5' with 12 introns starting with GC, one with GA and one with GG. In addition only one intron did not end with AG. These results were verified using RNA sequencing. A maximum of 10 introns was found in GECA13s02177g, a gene coding for an MRE11 homolog which has functions in DNA double-strand break repair and telomere stability. An intron in GECA18s01957g encoding a mitochondrial isocitrate dehydrogenase reaches the unusual size for G. candidum of 1428 nt, whereas the rest of the introns have a size between 44 nt and 750 nt, the median being 71 nt. Intron size distribution is overwhelmingly centered between 60 nt and 80 nt ( Supplementary Figure 3) . Finally, the most striking feature of the spliceosomal introns in G. candidum is the poor conservation of the 5' splice site and the branch point. In previously-sequenced yeast genomes, this sequence is relatively well conserved. The consensus is GTATGT in S. cerevisiae and the large majority of the Saccharomycotina yeasts, whereas Y.
lipolytica stands out with a GTGAGT consensus. However, G. candidum presents a mix of these two patterns.
Outside the first two bases 11 , the other bases are less conserved than in other yeasts (Supplementary Figure   4 ). Indeed, this pattern is closer to that observed in the Pezizomycotina/Basidiomycota than to other Saccharomycotina. Examples of 5' splice site patterns for a Pezizomycotina species, Fusarium graminearum, and a Basidiomycota species, Cryptoccocus neoformans, are shown in Supplementary Figure 4 .
Similarly, the branch point sequence is also less conserved than is the case in the other Saccharomycotina yeasts. The most common sequence in G. candidum was found to be NNCTAAC (72% of the total), followed by NNCTAAT (12%), NNTTAAC (7%) and NNCTGAC (5% . G. candidum has only one of these two cofactors; it displays low sequence similarity with the Saccharomycotina counterparts but it is well conserved compared to the filamentous fungal orthologs.
Mating type
The GcMATA coding sequence presented similarity with the previously-described HMG-box proteins in yeasts and is located between the APC5 and SLA2 orthologs in G. candidum (Supplementary Figure 6 ). To confirm that this gene corresponded to a mating type gene, we ran a search for the other idiomorphs by PCR amplification of different parts of this region in a set of G. candidum stains of various origins. First, primers were chosen to amplify a fragment of 279 bp within the MATA gene and were subsequently used in PCR on 62 G. candidum strains preserved at the CIRM-Levures (http://www6.inra.fr/cirm/Levures). PCR products of the expected size were obtained for 37 strains. No PCR product was observed for 25 strains, suggesting that these strains may not carry the MATA gene but the opposite mating type. Hence, primers located in the regions flanking the MATA gene were designed and used to amplify the corresponding region in three strains that failed to give a positive signal with the MATA-specific primers. A 1.5 kb region was successfully amplified from the three strains including the G. candidum type strain CBS 615.84 NT , and was entirely sequenced: it contained a CDS of 339 aa, different from the GcMATA gene, in an otherwise identical environment. The product of this gene presented sequence similarity with various MATα proteins in the region of the alpha box (not shown). This gene was therefore called MATB. We thus confirmed that G. candidum is heterothallic.
Comparison of the structure of the mating type loci in several yeast and fungal species (Supplementary Figure   6 ) indicated that the G. candidum locus contains only two genes-GcMATA and GcMATB-and thus resembles some filamentous fungi such as Aspergillus species 15 , but not Saccharomycotina yeasts. A roughly 2 kb region separates the MATA gene from the gene upstream of MATA, but we did not identify a valid CDS in this region.
The SLA2 and the SUI1 genes are the immediate neighbors to the right of the sexual locus in the examples of Saccharomycotina species shown in Supplementary Figure 6 . However, the neighboring genes on the left-end side of the mating type loci showed more variability: an ortholog of DIC1 is found in Lachancea kluyveri and
Ogatea angusta and an ortholog of APN2 in Y. lipolytica, Neurospora crassa and Trichoderma reesei.
Interestingly, the left flanking region of the G. candidum sexual locus is not conserved and has very likely been rearranged. Indeed, the neighboring gene of the G. candidum sexual locus is APC5, which is found near the sexual locus of some Pezizomycotina species but separated from this locus by two genes, COX13 and APN2. A search for G. candidum COX13 and APN2 indicated that they are localized on different scaffolds. Genomic rearrangements located at the border of the sexual locus have previously been seen in yeast species that are able to switch mating type; this switching was proposed as responsible for an erosion of this locus 16 . Our description of the organization of the G. candidum sexual locus indicates that rearrangement at the border of the locus may be more widespread, potentially affecting Dipodascaceae as well as other Saccharomycetes family yeasts in which mating type switching takes place.
Cazymes in the G. candidum genome
Among the 133 glycoside hydrolase (GH) families integrated in the CAZy database (http://www.cazy.org; 17 ), fungal endoglucanases are so far classified into nine GH families. Endo-β-1,4-glucanases (EC 3.2.1.4) act in synergy with other enzymatic activities (including hydrolytic and oxidative enzymes) and help degrade the main plant cell wall component, i.e. cellulose 18 . The endoglucanases of one of the GH families, GH45, randomly cleave glycosidic bonds on cellulose polymers, releasing cello-oligosaccharides as end-products 19 . One GH45 family, comprising four members (not found in Saccharomycotina except one gene belonging to one of these families in K. pastoris) was detected in G. candidum (Supplementary data 3) .
Surprisingly, four members of family AA9 of lytic polysaccharide monooxygenases (LPMOs) were also identified. LPMOs participate in cellulose targeting but via oxidative mechanisms, contrary to the hydrolytic mechanism of the GH counterparts. The presence of four LPMOs is unexpected in G. candidum as AA9 members are only found in the wood-decaying fungi, prevalently in white-rot basidiomycete fungi. Comparison with other yeasts (Supplementary Data "CAZy annotation") showed that AA9 members were exclusively identified in G. candidum. Moreover, G. candidum is the only Saccharomycotina yeast to possess genes encoding enzymes containing domains of the carbohydrate-binding module family 1 (CBM1), which specifically binds crystalline cellulose 20 . CBM1 are primarily found in the fungal kingdom 21 and are usually restricted to the genome of wood-rot fungi. Previous works showed that carbohydrate binding modules enable increase of the enzyme concentration in the vicinity of the substrate 22 . Moreover, CBMs may also be involved in the destructuration of polysaccharides on the substrate fibrils 23 . Remarkably, G. candidum carries eight CBM1 members, and each CBM1 is linked to all the GH45 endoglucanases. Finally, G. candidum has two AA1_2-family ferroxidases like other yeasts but only G. candidum has one AA1 multicopper oxidase close to laccases. To our knowledge, G. candidum is the only yeast to retain this broad lignocellulolytic repertoire with representatives of typical filamentous fungi-associated families (AA1, AA9, CBM1).
HGT from Basidiomycota
Polyamines are involved in numerous processes and are essential for growth 24 . In S. cerevisiae, polyamine synthesis is initiated by two reactions: decarboxylation of L-ornithine by the SPE1 gene results in putrescine, and decarboxylation of S-adenosyl-L-methionine by the SPE2 gene results in S-adenosyl-methionamine.
Transfer of an aminopropyl group from S-adenosyl-methioninamine to putrescine by spermidine synthase (encoded by the SPE3 gene) results in spermidine. A second aminopropyl group is then incorporated into spermidine by spermine synthase (SPE4) to yield spermine. While SPE3 is essential for S. cerevisiae growth, SPE4 is not 25 . Most filamentous fungi do not contain spermine, and these organisms contain a spermidine synthase encoded by an ortholog of SPE3 as well as a second gene encoding a spermidine synthase, phylogenetically unrelated to either SPE3 or SPE4.
G. candidum possesses a gene, GECA15s02364g, which shows a high degree of conservation with SPE3 and SPE4. Interestingly, G. candidum also carries another gene, GECA13s02485g, that is similar to the second spermidine synthase of filamentous fungi, and indeed groups with the Basidiomycota sequences in phylogenetic analysis (Figure 4 ). This indicates that G. candidum has a very unusual complement of spermidine synthases, an SPE3-like spermidine synthase and a second spermidine synthase, derived from that of the filamentous fungi. This could imply that the SPE4 gene, very likely derived from a duplication of the SPE3 gene 25 , was lost in G. candidum and that a spermidine synthase has been acquired through HGT from a basidiomycete. Therefore, the polyamine synthase gene complement of G. candidum is consistent with an involvement of polyamines in hyphal and pseudo-hyphal growth by a mechanism similar to that acting in filamentous fungi 26 .
